Abstract: Geopark information and interpretation systems are both necessary infrastructure in geopark planning and construction program, and they are also essential for geoeducation and geoconservation in geopark tourism. The current state and development of information and interpretation systems in China's geoparks were presented and analyzed in this paper. Statistics showed that fewer than half of geoparks run websites, and less than that amount maintained database, and less than one percent of all Internet/smartphone applications were used for geopark tourism. The results of our analysis indicated that smartphone applications in geopark information and interpretation systems would provide benefits such as accelerated geopark science popularization and education and facilitated interactive communication between geoparks and tourists.
Introduction
A Geopark is an area with clearly defined boundaries and a large enough area to serve local natural, economic and cultural sustainable development (particularly through tourism). UNESCO 2010: Guidelines and Criteria for National Geoparks seeking UNESCO's assistance to join the Global Geoparks Network (GGN) (April 2010). It comprises a series of geological heritage sites with special scientific meaning, rarity, and aesthetic value, which represent regional geological history, events, and effects. It might not only have geological significance, but also archaeologi-cal, ecological, and cultural values. A geopark is responsible for geo-heritage protection, scientific education, and yields benefits for local economy.
Three key interrelated aspects of modern geopark tourism: geoconservation, geohistory and geointerpretation [1] . Based on the 3Gs, geo-interpretation is defined as a kind of art or science of determining and then communicating the meaning or significance of a geological or geomorphological phenomenon, event, or location. So, it is commonly understood to be the human interest of the science of geoheritage more than the pure science itself [1] [2] [3] [4] . Meanwhile geoconservation and geointerpretation are considered as key underpinning elements incorporated within the geopark initial definition of UNESCO [5] . Geo-interpretation seems to be "dumbing down" the science but actually is a progressing vehicle delivering the message to geotourists along a classified journey of knowledge and understanding, and finally gets to the destination of comprehension and empathy with the appropriate mix of text and graphics [4] . Good interpretation and educational activities could attract more visitors, especially non-experts or casual geotourists [6] . The popularity of television programs, motion pictures, cartoons, such as the BBC 1999 "Walking with Dinosaurs" mini-series of programmes, the "Jurassic Park" series of motion pictures, the "Ice Age" series cartoons, and the latest "Jurassic World" in 2015 attest to the fact that interest in fossils and the history of life on Earth has grown rapidly throughout the developed world in recent years [7] . The trend means that the multi-medias increasingly impact the way of knowledge information spreading. The tourism authorities can build a local access road to help tourists discover a virgin geopark [8] , further more they can build the information access road. Overall, Geoconservation, geohistory, geo-interpretation, and geoeducation are key underpinning elements of geotourism which are never separated programs [1, 8] .
In China, the Ministry of Land and Resources started plans for geoparks in 1999. Hence, geoparks are not new to Chinese geology scholars; on the other hand, they are still strange to most of the Chinese population. An American might believe that parks have been an integral part of North American life for more than a hundred years because the first national park, Yellowstone National Park, was established in March 1872 [9] . China established the first eight global geoparks in 2004, and then spent the ensuing decade increasing the number to 29 global geoparks and 185 national geoparks [10] . The location of all the national geoparks in China are shown on the attached location map (Figure 1 ). Even though China was the country with the most geoparks in the world, speaking of popularization, it was far behind the status as to the National Park of USA or Global Geoparks of European Geoparks Network.
In recent times, the Internet has become the most popular medium to disseminate knowledge rapidly and widely. Consequently, placing geopark information and interpretation systems on the Internet could play a significant role in promoting the concept of geological tourism. In comparison to traditional sightseeing areas, geoparks have a specific burgeoning geologic tourism image that re- lies much more on publicity and advertising. Indubitably, the Internet should be the first choice for such a significant undertaking because it accords with the basic principle of geoparks, that is, to provide science popularization opportunities for tourists.
Geopark Information Systems
Geopark information systems typically comprise a database, a website, and a monitoring system [11] . The database and website could be available to the targeted audience or tourists, whereas the monitoring system is only used by park managers. The actual geological interest within most geoparks requires greater appreciation and concern by both managers and visitors [1] . Therefore, this paper primarily discusses the first two components, which directly serve tourists.
Geopark Databases
It is vital to establish a comprehensive database in the protection and promotion of geoheritage [8] . Lushan Global Geopark created the first geopark Database in China in 2007. Since then, many geoparks have established their own databases. We took the database utilized by the Ningcheng Paleontology National Geopark (Figure 2 ) for example. The database was divided into four subsystems: inquiring complex information, 3D electronic sand table, management, and information publishing. The functions included categorical data browse, inquiry, and maintenance; electronic map guide, browse, pan, zoom in, and zoom out; management of geological heritage spot property, resources, and environment; and tourism information. Figure 3 depicts the login page of the Ningcheng Geopark Database System. It comprised textboxes for username and password entry and an exit button, and was usually utilized by geopark managers. Anonymous login is also possible. Such database structure was not the only example for all Chinese geoparks, but it was the one most geoparks in Inner Mongolia used. Because it was coded by the Geoheritage Assessment and Planning Center of China University of Geosceinces Beijing, and installed in most Inner Mongolia geoparks like Alxa, Arxan, and Hexigten geoparks. Besides, there were different varieties of geodatabases, Jiangxi, Jilin, Jiangsu, Sichuan, Shaanxi and Hebei provinces had developed databases of their own style on their geoparks [12] [13] [14] [15] [16] [17] . It might not be the optimal choice, but a classic example. Most of the geodatabases we mentioned were based on WebGIS in common.
Geopark Websites
Of the approximately 185 geoparks in China, as of June 2015, 77 have already established their own websites and have them maintained on a daily basis (Table 1) . Yang et al. reported a total of 22 geopark websites in 2011 when there were 138 national geoparks, a proportion of 16% [18] , which proportion has since increased to 42%, but still other geoparks are also expected to own one.
Several websites were designed with special models. A few, such as those for Huguangshan Geopark and Danxiashan Geopark, provided scientific research papers associated with the park for free downloading. This made learning precise and accurate academic geological knowledge easier and more convenient to understand. Further, some geoparks, such as Fangshan Geopark, had a special webpage for a geological museum to display exhibition rooms and items, providing a virtual museum experience. This was part of a trend to develop virtual museums for geoparks. Haikou Volcanoes Geopark established the first virtual experience pavilion on the Internet (http://www.hkhsq.com/).
Datong Volcanoes Geopark had its database on the web, and its painting album and project planning information were open to the public. Thus, it has made it possible for geopark information open to the public.
Several geoparks have established their public presence on social media platforms such as Sina Weibo, Tencent Weibo, and Wechat. Sina Weibo is the most popular communication media in China, and has recently become the first listed Chinese Social Networking Service in the USA. Jiuzhaigou Geopark, Danxiashan Geopark, and Xingwenshihai Geopark were on all three platforms, with approximately 1,630,000, 110,000, and 14,000 followers, respectively.
Taining Global Geopark, Lushan Global Geopark, Yuntaishan Global Geopark, Huanglong National Geopark, and Dunhuang National Geopark all opened English, Japanese, and Korean versions of their sites. Qiandongnan Miaoling Geopark in Guizhou had its website in English, Japanese, and French. Wudalianchi Geopark and 21 other geoparks established separate English versions of their website.
Geopark Interpretation Systems
Geopark interpretation systems typically comprise museum, signboard system, guide interpreting system, and publication. They all have indispensable roles in geopark infrastructure operation and science popularization. The most effective tools for interpretation and visitor involvement include guided tours to the geosites, interpretation panels at relevant localities, workshops etc., or multi-media performances [7] . However, all the systems were predominant in interpretation system. Electronic interpretation systems have undergone seven stages of development in China (Table 2) . Geopark interpretation systems suffered from four main drawbacks: single education form, imbuement without interactivity, limited by time and position, and inflexible signboards. Electronic interpretation systems have not overcome these. The reason why tour guides and audio guides can't offer all-comprehensive explanation is that they can't present the on-the-spot image of geology-related activities. Further, interpretative boards cannot be placed every step of the way on the paths followed by visitors in geoparks. When they encounter something unfamiliar or complicated, most Internet users tend to depend on electronic devices. However, in geoparks, the number of signboards may be less than expected by tourists. What do tourists typically do when they have problems and/or questions? They use their smartphones to search for the answer/resolution: Where am I and where should I go? Search for the answer. How did the river terrace form? Why are volcanoes erupting jet plates instead of volcanic bomb? Only in this way can you evaluate what you know, you conserve what you appreciate and you appreciate what you understand [20] . Search for the answer. Thus, the first and best way to provide information is via smartphones.
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Smartphone Application Conception
Research on geotourism has also focused on the development of communicative tourism media [21, 22] . Early in the conception and development of geotourism, the use of multimedia and the Internet together for geotourism and geoconservation was highlighted as the main way forward in promoting conservation of landscapes [23] . One of the greatest advantages of the geoparks concept is that they are all linked under one international program sponsored by GGN (Global Geopark Network). Another advantage is that they foster socio-economic sustainable development in their respective regions [9] . Druguet E. et al.
(2013) related a number of positive and negative side effects of network information in geoethical education [24] . Numerous geological resources available on the Internet are scientifically useful and so the Internet has become one of the most effective media to promote geoconservation and geotourism while reducing exposure and risk of irresponsible sampling. However, following the principle that geoethical education is a key issue for geoconservation, new strategies for geoethical education are still encouraged. Mobile phones and the Internet are virtually inseparable in modern life. Internet connectivity on mobile phones has become ubiquitous in a very short time. Further, technical developments have provided new tools and techniques to support interaction between visitors and smartphones. Visitors are able to get large amounts of up-todate information directly and more easily, as well as being guided and served conveniently.
In fact, according to an investigation report from China Internet Network Information Center (CINIC) which was managed by China's Ministry of Industry and Information Technology, there were 668 million Internet users in China by June 2015, and popularizing proportion reached 48.8% [25] . Figure 5 showed that the number of mobile phone Internet users is currently at 593,570,000 and accounts for 88.9% of total Internet users. The difference between mobile Internet and personal computer (PC) Internet was that application scenarios had become much more important than browser entry.
Concomitant with the rapidly increasing number of mobile Internet customers is an increase in the number of mobile phone products. Applications (apps) for smartphones are at the forefront of this new trend. Apps are interactive software from third parties which are installed on smartphones [26] . A search for the word " geopark" in Chinese in Apple Store and Android Marketplace returned only one geopark-related app, from Hong Kong Global Geopark in eastern China (Figure 6 and 7) , up to April 2014.
The Hong Kong Global Geopark app ( Figure 6 ) was an excellent interpretation example. It was created for the Geopark early in 2011, and contains pictures, text, maps, and even video interpreting. Hong Kong Global Geopark is always the pioneer not only in geoconservation but also in geo-education and geo-popularization of China [27] .
The main interface of the app included Geo-Area, GeoRoute, Geo-Centre, Animation Route Mode and News (Figure 7) . It took full advantage of interactive maps. Taking Geo-Area for example, when we touched the spot, we would see the two main scenic regions: Northeast New Territories Sedimentary Rock Region and Sai Kung Volcanic Rock Region. Then click Sai Kung, and four geo-areas appeared: High Island Geo-Area, Sharp Island Geo-Area, Ung Kong Group Geo-Area, and Ninepin Group Geo-Area (Figure 7) . Next we went on to touch the site of High Island, and there would be some detailed descriptions about this geo-area in terms of words, pictures, audio materials, and short videos. Commonly, it was the simple browsing route of the app. Especially, the audio material was very convenient, because it did not only convey accurate information, but was also suitable for multiple audience objectives.
In addition to the apps, Hong Kong Geopark has also produced a series of engaging e-books, available for download from their website, to meet the needs of various groups exploring scientific geological knowledge (Figure 8(a) ). Their model is considered an advanced pioneering model for other geoparks in China to emulate. Our second example is from Spain. The Geological Survey of Spain (IGME), in conjunction with the Multimedia Laboratory of the University of the Balearic Islands (LTIM), developed a new application for disseminating knowledge about the geological heritage of Mallorca by means of new smartphone technologies (iPhone and Android). The application, called "Geo Mallorca", has information about 25 relevant geosites on the island [29] . The information covers geological descriptions aimed at the general public, location of each geosite online (Google maps) and o ine, and photos and figures for each geosite. A search using the keyword "Guias Mallorca" or "Geo Mallorca" in the Google Market or Apple Store returns the "Geo Mallorca" app, which can be downloaded free.
A website and app have also been created to raise awareness about geological treasures in Moixeró, Spain. The site receives many visitors attracted by the natural beauty and biotic and geological value. However, because visitors are often ignorant about the geological background, the app is used in conjunction with a published guidance paper, called "The Treasures of Nature Geoscience Moixeró", in Catalan for geological tours to introduce to the visitors about the geological heritage of the area, thus giving a deeper insight into the region. They recommend that the written guide be used to complement the app to look for information on the web while in the center of the park. Although Catalan speaking community is rather small, the app is a model for large Chinese speaking community.
There is a high demand for maps on smartphones. Consequently, many famous network companies, both domestic and international, have produced multifunctional maps containing location and traffic information (showing routes into and out of an area), stations, shops, hotels, restaurant, and other information about the immediate vicinity. The benefit to the application is that geopark databases can cooperate with the maps to provide sightseeing options for tourists and information on how to get there.
Smartphones currently have a close relationship with people. They are user-controllable, can be shared, and they are easily manipulated and positioned, produce no noise pollution, have access to massive amounts of information, and are multifunctional. Further, they can present information visually, interpret language and information automatically, and are valuable but not expensive. Thus, they have offset all the disadvantages of electronic guide systems, and possess a range of other useful functions. As a result, they are invaluable, especially considering the many geoparks that have not yet established an information platform.
The trend is now to establish apps for geoparks. During the 2013 Asia-Pacific Geopark Network Meeting in Jeju, attention was paid to the idea of how mobile phone signal problems will be overcome in a low communication signal as a geopark can be (Díaz-Martínez, personal communication). This is against the background that geoheritage sites are usually located in wilderness areas with little or no communication signals, as opposed to urban areas with thousands of easily accessible communication networks. Consequently, it focuses on the need to establish communication systems to meet the demands of smartphone applications in such scenarios.
The application will be not only convenient for domestic tourists, but also suitable for foreign tourists. That's why we turned to develop English and other language versions. It should be public on Internet, Apple Store, Android Market and other application exposition; at least some of them are shared by tourists at home and abroad. If a tourist is going to travel in the geopark, he or she will get the app when browsing the website of the geopark, or get it just at the entrance of the geopark where free WiFi is available.
While not all geoparks in China have WiFi (wireless fidelity) except a few. A case study from Fujian Taimushan Mountain National Geopark shows that four places in the geopark offering WiFi, and they were the Tourist Central, the Couple Peak Square, a restaurant, and a hotel. According to the Taimushan Management Committee, it cost 3000 RMB every month and was not expensive to maintain the status. In addition, the equipment was installed by the communication company who was dependent on lease instead of construction. Maybe the cost is a piece of cake for the geopark which stands out for a long time or an already famous scenic region, but in our opinion it is not so cheap for some barren and primeval geoparks. Hence, the continued development of geoparks will resolve the WiFi problem in the future. Geopark apps perform a valuable service and are a source of information for geopark tourists, making it possible to "explore, learn, identify, navigate, orient, and feel somewhat confident in a new or unfamiliar environment" [30] . To yesterday, it was the only app we could seek out in China in the Apple Store using the keyword "geopark" before April 2014. Nevertheless, a year later, when we type the word "geopark" on Apple Store, we pleasantly surprised find another 10 applications: Geoparks Japan (Japan), Geopark Odsherred (Denmark), Geopark Karavanke (Slovenia), Geopark Kielce (Poland), Burren and Cliffs of Moher Geopark (Ireland), Magma Geopark (Norway), Novohrad-Nógrád Geopark (Hungary and Slovakia), San'in Kaigan Geopark (Japan), Geopark Chablais (France), and Geopark Shetland (UK). They are pioneers in promoting geopark information and interpretation; no doubt they are excellent model to geoparks in China.
It has also been suggested that all national geoparks should join Google Earth Outreach (Figure 11 ). Google Earth Outreach gives nonprofits and public benefit organizations the knowledge and resources they need to visualize their cause and tell their story in Google Earth and Maps to hundreds of millions of people.
Conclusions and Future Work
This paper investigated the state of information and interpretation systems and the feasibility of geopark apps in China. The available geopark apps, the advanced technology they utilize, and the functions they perform were also analyzed in the paper. It is hoped that the possible and necessary roles the apps can play in geopark information and interpretation will help to accelerate geopark science popularization and education and strengthen interactive communication between geoparks and tourists.
Our focus is on apps that can integrate database, website, public platform, and other information or interpretation items, to form a comprehensive system that will prove invaluable in geoheritage and geoconservation education. Using mobile positioning systems, static and dynamic guide maps, geoheritage tectonic and profile maps, geosite interpreting can be integrated to inform tourists of the grade of the protected area, the extents of the protective boundary, the location of valuable heritage sites, the meaning of geological terms, the factors resulting in certain formations, and areas that need attention. A positioning service is advantageous in enhancing virtual technology and social contact, and aids in geological scientific popularization and education.
A shared social intercourse function that can interpret virtually all words, comments, pictures, and photos, and even questions asked, via apps being planned. This is considered a good avenue to advertise geoparks and effectively disseminate geological knowledge. Our aim is to encourage geopark managers to plan and design Multilingual or at least in English apps for geoparks. Further, the era of touch is out there; therefore, geopark apps should facilitate touch navigation and also utilize technological advances to make significant progress.
